More than 30 species of marine fish are cultured in Japan and a wide variety of parasites are recognized as serious pathogens of these fish. In most cases, marine fish are cultured in floating net cages, which can provide a suitable substrate for monogenean eggs to become entangled with. This characteristic is most typically exemplified by the monogenean Heterobothrium okamotoi of tiger puffer; the parasite deposits a very long string of eggs, almost all of which become entangled with the net meshing, resulting in an accumulation of eggs within the culture system. Life cycles of important parasites of cultured marine fish, such as myxosporeans (e.g. Kudoa amamiensis and Myxobolus buri of yellowtail), microsporidians (Microsporidium seriolae of yellowtail and an unidentified species from tiger puffer) or blood flukes (Paradeontacylix spp. of amberjack) have not been elucidated. This is a large obstacle to the establishment of control measures against these parasitic diseases. Generally, parasitic diseases of cultured marine fish are much more difficult to control than their counterparts in fresh water. No single method has proved sufficient for the effective control of parasitic diseases of marine fish. Future efforts to control marine infections should be directed not only to chemical treatments, but also to biological measures, and to prophylaxis and quarantine through parasite detection and early diagnosis.
More than 30 species of marine fish are cultured in Japan. According to the latest statistics, the produc tion of cultured marine fish amounted to 279,182 t in 1995, a figure which had been quite stable for the preceeding 5 years. Yellowtail Seriola quinqueradiata, amberjack S. dumerili, red seabream Pagrus major, Japanese flounder Paralichthys olivaceus, tiger puffer Takifugu rubripes, coho salmon Oncorhynchus kisutch and horse mackerel Trachurus japonicus are the major cultured species. A wide variety of parasites are rec ognized as serious pathogens of the above fish species (Tables 1-5) , with the exception of the last two which have had no serious problems with parasitic infections. These pathogens are difficult to control effectively with a single measure. Generally, parasite control is depen dent on culture methods of the host fish, knowledge of the life cycles of the parasites and the availability of effective treatment methods. The following are topics which characterize the present status of the problems involved with parasitic diseases of cultured marine fish in Japan.
Monogenean infections
In most cases, marine fish are cultured in floating off-shore net cages. Japanese flounder is an exception, being cultured more often in land-based tanks with running sea water. Each of the first five fish species is typically infected with 3 or more species of monogene ans (Tables 1-5 ). In general, polyopisthocotylid mono geneans, such as Heteraxine heterocerca of yellowtail, Zeuxapta japonica of amberjack and Bivagina tai of red seabream, produce eggs with a long filament, and these eggs are sent to and accumulate in the uterus. When they are deposited, the egg filaments become entangled with each other and the eggs float in the water. Thus, many of such egg masses become entangled with the net cages, where their fish hosts are cultured. This charac teristic is most typically exemplified by Heterobothrium okamotoi of tiger puffer. The parasite deposits a very long string of eggs, often longer than 2 m (Ogawa, 1997) . A field experiment suggested that almost all de posited eggs attach to the net meshing, resulting in an accumulation of eggs within the culture system*. On the other hand, monopisthocotylid monogeneans, such as Benedenia seriolae of yellowtail and amberjack, deposite eggs with a filament singularly. It seems that most of the eggs flow out of the net cages. However, it should be noted that the egg filament of B. seriolae was about 0.5 mm in length before deposition of the egg, but it extended to 2-4 mm when released from the parasite (Kearn et al., 1992) . This observation indi cates that the chance of monopisthocotylean eggs to become entangled with the net meshing is not negli gible, although maybe still not as likely as with the polyopisthocotyleans. This egg entanglement consti tutes a major reason why monogeneans are difficult to control in marine fish culture systems. Parasites of cultured amber jack Seriola dumerili in Japan (Infection sites noted in parentheses following species name) Parasites of cultured red seabream Pagrus major in Japan (Infection sites noted in parentheses following species name) Parasites of cultured Japanese flounder Paralichthys olivaceus in Japan (Infection sites noted in parentheses following species name) Parasites of cultured tiger puffer Takifugu rubripes in Japan (Infection sites noted in parentheses following species name) myxosporean life cycles in seawater (e.g. those of Kudoa amamiensis and Myxobolus buri of yellowtail) are almost unknown. Diamant (1997) experimentally demon strated direct fish-to-fish transmission of Myxidium leei, a myxosporean infecting the intestinal mucosa of cul tured sea bream, Sparus auratus. This is the only report that a marine myxosporean has a direct life cycle, and it is not clear how common this type of transmission is among myxosporeans. It is of particular interest to know if oligochaetes are also involved in the life cycles of marine myxosporeans, particularly of multivalvulids, most of which are parasites of marine fish.
According to Lom and Dykova (1992) , fish micro sporidia have direct life cycles. Artificial infection of freshwater fish through oral administration of spores, injection of spores or exposure to spore suspensions was sometimes successful for microsporidian species such as Glugea plecoglossi of ayu Plecoglossus altivelis Egusa, 1977, 1978) and Heterosporis anguillarum (= Pleistophora anguillarum) of eel Anguilla japonica (T'sui et al., 1988) . However, this does not necessarily mean that the life cycles of the above micro sporidians are always direct in fish culture systems, and that microsporidian life cycles are direct in general. Trials to infect yellowtail with Microsporidium seriolae through the above methods were all unsuccessful (Dr. S. Egusa, unpublished data). Experimental infections of marine fish with microsporidians have not yet been successful, and thus their life cycles are as yet unknown.
Blood flukes infecting cultured marine fish, such as Paradeontacylix spp. of amberjack, are also parasites whose life cycles are unknown. Aporocotyle simplex, a blood fluke of pleuronectid flatfishes (Hippoglossoides platessoides, Limanda limanda, Pleuronectes platessa, etc.) in Europe is the only marine species whose life cycle has been elucidated; its intermediate host being a tube-dwelling polychaete, Artacama proboscidea (Koie, 1982) . However, attempts to isolate the larval stages of blood flukes from invertebrates, including polychaetes, at marine fish culture sites have been all unsuccessful (Ogawa, unpublished data Despite the difficulties indicated above, effective control can be achieved with the integrated management of a combination of measures. The followings are examples of the control strategies utilized for some parasitic diseases of cultured marine fish in Japan.
The Heterobothrium infection of tiger puffer may rank as one of the most important parasitic diseases of marine fish because of its obvious pathogenicity and low susceptibility to chemicals. Although adult parasites, partly embedded into the branchial cavity wall, were tolerant to all chemicals tested, experimental chemo therapy with hydrogen peroxide was quite effective for immature worms on the gills (Ogawa, unpublished data) . Following the initial attachment, the parasite grew for about 1 month on the gills before moving to the branchial cavity wall for maturation (Ogawa and Inouye, 1997b) . This means the chemical treatment should be performed at one-month intervals.
However the total eradication of Heterobothrium on the gills was not expected, and eggs deposited from surviving adults remain on the net meshing, constitut ing a source of re-infection. Frequent changes of the culture nets will help to reduce the level of infection by removing eggs on the net. Eggs deposited by the polyopisthocotylean monogenean Microcotyle tai (= Bivagina tai) on the gills of red seabream were col lected by hanging synthetic threads within the cage, with which eggs become entangled (Fujita et al., 1969) . Similarly, Heterobothrium eggs were easily collected in such a manner. Placing suitable substrates, to which eggs attach, inside the net cages, and removing them regularly before egg hatching will also contribute to a reduction of the infection level in the culture system. Further studies will be needed on the exploitation of methods for removing deposited eggs effectively.
Most typically, tiger puffer is cultured from juvenile stage in the summer until a commercial size of about 1 kg obtained in the winter of the following year. Thus, 0-year fish, which are thought to be free of Heterobothrium infection at the start of net cage culture, are maintained closely to infected 1-year fish for about half a year, dur ing which Heterobothrium is transmitted from the latter to the former (Ogawa and Inouye, 1997a) . In a field observation, the Heterobothrium population in a net cage did not increase steadily (Ogawa and Inouye, 1997a) , despite the parasite's high potential for the egg produc tion (Ogawa, 1997) , a relatively long life span (Ogawa and Inouye, 1997b) , and very high rates of egg entangle ment on the net meshing as mentioned above. Thus, it can be estimated that the probability of Heterobothrium oncomiracidia which hatch on the net meshing to infect fish successfully is very low. Such a low probability of parasite transmission will be further reduced when a considerable distance is maintained between net cages.
Heterobothrium-infected tiger puffer produced spe cific antibodies against the parasite (Wang et al., 1997) , but it is not certain whether the host immune response contribute to the prevention against re-infection. At present, the combination of chemotherapy, egg removal and the separate culture of each year class of fish will be the best control strategy for the Heterobothrium infec tion of cultured tiger puffer.
The Microsporidium seriolae infection of yellowtail is also very difficult to control. This is mainly because, as is mentioned above, chemotherapy is not available to microsporidian infections, and the life cycle is unknown for this microsporidian. The Japan Sea Farming Asso ciation (JASFA), at Fukue, Nagasaki Prefecture, pro duces artificially spawned yellowtail juveniles to release to the open sea. It is very important to detect the para site at an early stage of infection before the release. For this purpose, Uvitex 2B, a fluorescent dye, is used for the detection of the microsporidian spores from the skeletal muscle of yellowtail juveniles (Yokoyama et al., 1996) . This reacts with the chitinous endospore of the micro sporidians (van Gool et al., 1993) . It is sharp enough to detect only a few spores in smear, stamp or paraffin sectioned materials. At JASFA, hatched yellowtail larvae are first reared in land-based tanks using sand filtered seawater, and as they grow, transferred to off shore net cages. The microsporidian infection was very rare when larvae were cultured in tanks, while the infection rate rose very high after they were moved to the net cages (Yokoyama et al., 1996) . This suggests t hat the infection can be prevented by using filtered water. Since the spores are thought to be small enough to pass through the sand filter, it is possible to assume that some unknown vectors are involved in the parasite transmission. At present, the control strategy for the Microsporidium infection of yellowtail juveniles at JASFA may involve the combination of early diagnosis and juvenile production using filtered seawater. Generally, parasitic diseases of cultured marine fish are much more difficult to control than their counterparts in fresh water, where fish are maintained in more isolated and controllable systems. In conclusion, future efforts to control marine infections should be directed not only to chemical treatments, but also to biological measures which give no unfavorable effects to the environment, and to prophylaxis and quarantine through parasite detec tion and early diagnosis.
